- «*.^vr**  X  t*£,V  kJUUXlUltCU  cl5  CUUU  lU... 


https;//trstint.dtic.niil/passcgii/edoc/edoc_process_sf298.pl 


-  A 


Document  And  Report  Documentation  Page  Submitted  as 

edoc  1075732948 


Report  Documentation  Page  Form  Approved 

—  ^  _  OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response  includins  the  time  for 
reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaLg  the  dE  neS  ^id  cSe&ail 
le^g  the  collection  of  infomiation.  Send  comments  regarding  this  burden  esfimate  ora^^^^ZrfSLion  of 


1.  REPORT  DATE 

13  MAR  2003 


2.  REPORT  TYPE 

N/A 


4.  TTILE  AND  SUBTITLE 

Detection  and  Classification  from  Hyperspectral 
Imagery  Using  the  Normal  Compositional  Model 


3.  DATES  COVERED 


5a.  CONTRACT  NUMBER 

I  F19628-00-C-0002 

5b.  GRANT  NUMBER 


6.  AUTHOR(S) 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Department  of  the  Defense 

9.  SPONSORING/MONTTORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


5c.  PROGRAM  ELEMENT  NUMBER 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f  WORK  UNIT  NUMBER 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSOIUMONITOR'S  ACRONYM(S) 

^11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION/A VAILABILfTY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

1 3 .  SUPPLEMENTARY  NOTES 

Also  see;  ADM001520 ,  The  original  document  contains  color 


images. 


14.  ABSTRACT 


15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 


18.  19a.  NAME  OF  RESPONSIBLE 


2/2/04  9:45  AM 


a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  TfflS  PAGE 

unclassified 

LIMITATION 

OF 

ABSTRACT 

uu 

NUMBER 

OF 

PAGES 

26 

PERSON 

Patricia  Mawby,  EM  1438 
PHONE:(703)  767-9038 
EMAIL:  pniawby@dtic.niil 

standard 
Form  298 


(Rev. 

8-98) 

Prescribed 
by  ANSI 
Std 
Z39-18 

pwd:  cannot  determine  current  directory! 


2  of  2 


2/2/04  9:45  AM 


Opinions,  interpretations,  conclusions,  and  recommendations  are  those  of  the  author  and  are  no 
necessarily  endorsed  by  the  United  States  government. 


ine 


MIT  Lincoln  Laboratory 


Detection  of  a  Known  Target 


NCM_ASAP-5 
DWJS  4/28/2003 


M  O 

Ct5  ^ 


‘Jr  -C  ^  x: 

W  4|^  Q 

w  ®  "o  S 
m  «  i.  P 


HXSmt 

>#-» 


C0  c 


05  C 

0) 

0) 

c  o 

c 

c 

9t9mm 

flj  ^ 

T5  E 

B  o 

S  o 

o 

u^m 

fS 

O 

■■■■ 

n 

E 

_o 

'5 

3 

O 

a 

E 

£ 

i  1 

a 

3 

O 

< 

(0 

o 

MIT  Lincoln  Laboratory 


Important  Characteristics  of  HSI 
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•  Correlation  matrix  is  independent  of  radiance-to-refiectance  transformation 

•  Correlation  matrix  is  ciass  dependent 
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Convex  Models  of  Spectral  Variability 
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Normal  Compositional  Model 


ts' 

Vh 

•  f\  - 

1 

VI- 

-- 

^  — 
§  = 

« 

u— 

^ . -4:3- 


©  Q 
•U  -!d 


w 

+ 

II 


u  ■ 

<D~ 


o_ 

o 


ui 
or 
w-  (»- 

fl)-  © 

ce-  ^ 

O) — O- 
0 

Uh^ 

s~® 

o  "O  w  . 

£  £  Q. 

.ts  ©-  9* 
>  o_ 

^  (0  *- 
e —  <&- 

.r  !8 1: 

■=  S-®- 
!®  m  oi 

£  ® 
£-=_? 
Q  ©  C 

■o  ®  o 

C_^  O' 

f5“F  (0 


C—VL.,  ©_.. 

©  ®  C- 

g^-2- 

E  ,»  « 


®  ■& 
w  o 


>r  ^ 

^  ©  . 

9J_  0-  0— 

5r 

■4a* — 5^ 

«*-- JS 

E  IS— fli — 

o  -gr  i: 

S; 

VI . ©“"  ■© - 

~  0-  as- 

'S-gl 

E  = 

VI  <p 


C  «  © 

_  12^ ©- 
® — fl)--  ©- 

Or  ^ 

la^  fc  o  ^ 

=  £-  0)-  © 
©  (Q  ©  3 

©  ©  © 
•  ■  ©  ©  C  > 

W  "D  <2_  ”  O 
g  ^iS"  to;  3 
Sl  S^O  LJ  i 


L  I 

© - I —  l— 

btr 


-— '  '^14^ 

©  o  *©- 
=  ©  tIJ- 

^  E  -  ©- 

0)  o^o- 

o  (O_j0l 

s  §  f 

■o  >  £- 

C  ±i  -  ©- 
3L  -a  -O- 
^  a  o 
<  <  < 


I  h  I- 


^PQQi^l  C9$es:  L^pe^ar  mixttfrp,  mi^tHrp  and  ^Mbsppp^  p)pc|els 


NCM  Blind  Unmixing 


MIT  Lincpln  Laboratory 


NCM  Detection 


w  o 
T  o 

d  C» 

<  flQ 

<  ^ 

u 

Z  Q 


MIT  Lincoln  Laboratory 


Estimation  of  NCM  Parameters: 
Nest^^  E^^pectatipn  iy|aximizatipn 


c- 

<8- 


a  K 

O-  (ft 


-H- 


^  £  o  ‘5“  S2”o 

-g  *;  ^ 

«-  €  '§  >r  f  J  I  f  I  f 

m  W  g  ^  ^  —  w  2  '><  M 

ro__w  c_>-  ^  ^  ^  ^  I 


=__o 

o.. 


g- 


(ft  T*:  *®“  (ft  <8” 

Q-O-g-  Q_g 

g  C“iS  #A  *L 


01^ 

'S 


(0 

O 


O 

o 


2 


Ci,. 


(D - 3^  CT  C  X 

O  .2  ‘ 

1-  f“  e  a>  ...  o 
ft)~  ili  (ft“i2  ^ — E  4!f — (ft-~  m- 

S-  S- S-’E  a 

e  =  .E  0)^  p  K 

jW|~  ,2  ^  Xs 

&  Q. 

ca  QI 

■  ■ 

^  CM 


Zl 


<  tt 

w  2!^ 

<  M* 

-i« 


^  o 


MIT  Lincoln  Laboratory 


.[I 

a 


jS:::z^ . 

uu 

.  3- 

w — Bq- . 

or 

+ 

^ . 

w 

C  ^  t'^ ' 

r:+: 

ih 

» 

c^ 

>■ 

O 

o 

m~  - 

(0^ 

«- 

m 

gr 

a 

fS- 

£  Uy 

3- 

3  g: 

5"  ® 

^  tJ- 

■o-  e 

®~  le-- 


X  "S  : 

CB_ 

fc. 

>  «- 

2:mi~ 


C5^— 

£z2r 

(ft-  c 
£r^ 

^£ 

3  or 

o 

^  .rSt 

O'  -Q- 

fii  (0 

.  O 


MIT  Lincoln  Laboratory 


MIT  Lincoln  Laboratory 


AVIRIS  Imagery  of  Cuprite,  Nevada 


NCM  ASAP-t9 
wuimaizooTi 


ir  (0 

o  o> 

0)  li. 

Q.  ^ 

CO  X 


O 

CO  1^1 

o  < 

s  C3) 
c  -£“ 

O  £ 

2  B 

(0 


fl)-m- 


fl)-  o- 


3  lo 

to^ 

C;^  O- 

S  3-  t: 

C0~.T.' 

^g_  ^ 

£  ®  .r- 

■s  ^  O 

ficit 

■=  _2  <D_ 

^  e 

__  X-  ©- 

g^ilfE 

®  iXL'zH 

tt  C-: 
(IT  <D  ^  - 

£- 

(y 

®^rau 

-^-  ■•■© 


MIT  Lincoln  Laboratory 


USGS  Class  Map  and  NCM 
/\|3Mndap9^  Plane 


Detection  Experiment: 
Lif^  ye$ts  in  Oqefin  HS| 


NOM_ASAP-22 
DWJS  4/28/2003 


Mean  Class  Spectra:  Normal  Mixture 
and  Norpinl  Compositional  Modals 


MIT  Lfnpoin  Laboratory 


Comparative  Detection  Performance 


lyilT  Lincoln  Labpratory 


Summary  and  Conclusions 


!s 

cc  Sp 
'Z  ^ 
(0  U) 
>  (/) 

(0  iS 
^  o 

5  -S-p 

§  V  I 

Z  ff 

6  M  c 

—  e  10 

®  —  w 

■o  ^  -o 

giS^g 

x‘ 

£1  I 

.2^  i 

|s  g 

If « 

®  S  ■§ 

tf) 


(0  ^3 


«)-  ®— w- 


2^¥ 

«»  £ 

■&-S 

I  ^ 

o 

o  ’’Sj^ 

O  gj® 

c  orrr 
a  »-  o- 


atf. 

o  o 
ora 

StT 

3  — 
(^S- 


fljXD- 
o  OJ 


O-ffl-O^S- 
z-E  Zaj- 
a 

tt  r  r 


MIT  Lincoln  Laboratory 


F^t^r0  Worl^ 


MIT  Lincoln  Laboratory 


